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(57) Abstratl2 An improved siereoseleciive process 
for the preparation of Cnt-fluoropregnanc derivatives 
of formala 1 1), cumprising the reaction of 3-ben2oy- 
loxy-A3.5-pregnane derivatives of fonnula III), with 
an electrophilic fluorination agent in a substantially 
water-free reaction mixlun: and in the presence of a 
salt of a strong acid with a nitrogenous base. 
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Process for th e preparaflon of oreonanes 

The present Invention refeis to an Improved stereeselecttve process for the preparation of 
6a*ofopregnanes. comprising the ftuorinatten with an eledrophilfc fluorinatlon agent In the 
6^5osition of selected pregnane derivatives in *ie presence of an amine salt of a strong add 
under sul)stantially water-free reaction conditions. 

Fluorstereoids represent useful antiinflammatory compounds and It Is Icnown that stereoiso- 
mers have different phamiacological efficiencies. It is also known that 6a-fluoropregnane de- 
rivatives have in general a higher efficiency than oon^sponding 6^uoro analogues. Seve- 
ral processes have been developed lor ol>taining ^o-fluoropregnanes, but all these proces- 
ses suter from poor stereoselectivity, there to a need lor a process giving a higher ratio of 
6a- to 6p-stereoisomers for a more economic inctistrial-scale manufiacture. 

F. U Loggia et al. describe In US Patent AppBcatton PuWicatlon 2002/0062021 a process 
for the fluorinatlon of pregreines having Bie formula 




wherein R is chosen from H, OH, and an allcyl group wifli from 1 to 4 carbon atoms and R* is 
an allcyl group with firom 1 to 4 carbon atoms, using etedrophillc fluocmatlon agents, Ovwi In- 
vestigations have shown that this process leads to reaction mbdures containing 6a/6p ratios 
of not higher than 90:10. Parfial ellmlnatl<Mi of eiWsomers could sometimes be obtained, but 
with an accompanying loss of product, by IBtratlon of undbsolved products from the reaction 
mixture. Pure 6a-fluoro derivatives can therefore only be obtained after further purification 
and / or Isomerisation steps (see U&A-U3 6.369,218), both of which inevitably lead to add^ 
tional costs and significant losses of product 
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J.-Y. Godard et al. disclose in US-A-5,478.957 a process for the introducUon of a ea-fluoro 
function Into an androstane enol benzoate derivative (3-b€nzoy1oxy-9p.1ip-epoxy-16a-nr>e- 
thym7p-methoxycarbonyl-A1,3,5-androstatrien-17a-ol) using an electrophinc fluorination 
agent preferably Selectfluoi®, In a water-containing solvent We have found that the crude 
product (6a-fluoro-9p.1 1 p-epo)cy-16c)t-methyl-17|J-methoxycarbonyl-A1 ,4-androstadien-17a- 
ol-3-one) obt»ned in Stage D contains at least 4% of 6P-!somer, as well as slgniRcant 
amounts of 6-hydroxylated by-pro<bJct. Application of the reaction conditions described in US 
5.478.957 to an end benzoate of a pregnane gave even more (6.5%) 6p4somer fbnnrwtton, 
as wen as a significant amount of 6-hydroxy!ated by-product The purity of Bo^uoropreg- 
nanes that could be obtained using the conditions of US 5.478,957 Is thus unsatisfactory, 
and farther purWcaBon would be necessary in order to obtain products suitable for phar- 
maceutical formulations. Even when such purifications are practicable, considerable 
amounts of the desired Sarlsomer are inevitably lost during the purification steps. It is also to 
be noted that alttiough the conversion of a pregnane Into its corresponding androstane 
derh/ative through side-chain removal is retath/ely efficient (see, for example, Stage A of 
Example 1 in US 5,478,957). the reverse (reconstruction of the pregnane side-chain) consti- 
tutes a difficuit muHl^tep operation. Hie pnaduds of US 5,478,957 are therefore not at 3i\ 
useful for obtaining valu^le BGErfluorlnated pregnanes such as dtflorasone, flumethasone, 
dIRuprednate, fluocinolone acetonide, fiuodnonide, flunisoHde, and others. 

WO 02/100878 A1 describes a process for the preparation of flumethasone, where 9p,11- 
epoxy-16oH^ethyl-3,17,21-trihydroxyi5regna-1,3,54riene-20H)ne'21^ is 
used as an intermediate forfluorinatlon in 6-position with an electrophilic fludrinatlon agent 

It has surprisingly now been found that the slereoselecfivfty of eledrophlRc Sa-fluorfciaBons 
of pregnanes can be greatty enhanced, and that the fbmiatlon of dde-products can be sub- 
stanttally suppressed, Sf 3-benzoy!oxy- A3,5-pregnane derlvafives are selected as substrates 
and the fluoifnation is carried out In a substantially water-free reaction mixture fcn the pre- 
sence of a salt of a strong add with a nitrogenous base. Under these conditions 6a/6p raflos 
of up to 99:1 can be obtained In reaction mixtures, with negligible fonmation of 6-hydroxy- 
lated, 4-fluorinated, or other by-products. Moreover, according to the fluorinatlon process of 
the invention, higher chemical yields are obtained and, due to the high purity of ttie crude 
products, fewer purification operations are necessary in order to obtain useful phanmaceu- 
tical products. 
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One object of the invention Is a process for the preparation of ea-fluoro compounds of 
formula I, 




F 



wherein 

R2 Is hydrogen, d-CBaUcyl or CrCsCydoaDcyl; and 

R3 te hydrogen, CrCaalkyl* or R4-C(0)-0" where R* Is Ci-CsalkyI or Ci-CBhy*oxyalkyl; 
comprising the Huorlnatlon of pregnaie derivatives In the 6-posltlon with an electrophilic fluo- 
rfeiation agent, in an inert solvent and at ambient temperatures, characterised In that (1) a 
compound of formula II 

C{0)-CHaO-C(0)-Rj 

Xh„oh 

01), 



wherein 

Ri is phenyl or phenyl sdJStKuted with halogen, hydroxy, amino, mono- or dhd-Cflalkylan^ 
no, Ci-Caalkyl, CrCealkoxy and/or Ci-Cicarbalkoxy; and Rg and R3 have the meanings given 
before; 

is reacted wltti an electrophUic fJuorination agent (2) In fte presence of a salt of a strong add 
with a nitrogenous base under (3) substantial water-free reaction conditions. 



R|-C(OH> 




R2 In fomiute I means preferably CrC^M and may be methyl, ethyl, n- or Hiropyl. and the 



♦ 
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Isomers of butyl, pentyl, hexyl, hepty! and octyl. Rj In formula I as CrCacydoalkyI is prefe- 
rably CrCecydoaOcyl, and more preferably CrCecycloalkyL Cydoalkyl can be far example 
cyclopropyl, cydobutyl, cydopentyl. cydohexyl. cycldieptyl and cyclooctyl. Preferred cyclo- 
aUcyis are cydopentyl and cydohexyl. 

Rs in formula I Is most preferably Ci-CaalkyI and particularly prefenred Ci-C4dllcyl' 

Ra Is as alkyi preferably CrCealkyI, more preferably CrC4alkyl, and mostly preferred Cr 
Czalkyl. Examples for all^ are methyl, ethyl, n- or i-propyl. and the Isomers of butyl, pentyl, 
hexyl, heptyl and octyl. Ra Is as alkyl especially preferred methyl or ethyl. 

R4 In the residue R4<C(0>O- tray have as all^l the s^ne preferred meanings as given 
before for R3. Ri Is as aDcyl mostly prefenred methyl or ethyl. R4 as hydroxyaBcyi may contain 
1 to 4 and nKKe preferably 1 or 2 carbon atoms. Examples are hydroxymelh]^ and hydro?9- 
ethyl. 

In a prefenred embodiment, R3 Is seteded from the group of hydrogen, methyl and acetyloxy. 

Inert solvents tor this reacQon are well known and may be selected from the group of polar 
and aprotk: soNents. Examples are nHriles (acetonitril), N-dialkylated carboxytk; add amides 
(dimethyl fonmamkte. dlelhyl formamde) or M-alkylated cydic carboxyfic add amides (N- ^ 
methyl pyrrolidone, N^yl pynrolMone), ethers (tBtrahydrobrane, dioxane) and carboxync 
esters (ethylaoetate, methytbenzoate). 

Ambient teniperatiires may mean a temperature range from -20 to 50 'C, preferably *10 to 
40 ""C, and most preferably 0 to 30 ''C. 

Preferred sttbsfituents for Ri as idienyl are fluorine, chlorine, hydroxy, dimethylamino, 
m^l, ethyl, methoxy, ethoxy and methoxycarbdnyl. Examples for substituted phenyl are 4- 
fluore)phenyl. 2,4-dHluorophenyl, 2,4.6-trifluofOphenyl, 4-chterophenyl, 2.4KfichIorophenyl, 2- 
or 4*ydroxyphenyl. 4-methylphenyl, 4-ethylphenyl, 2/t-dfmethylfrfiOTyl, 2.4-diethy!phenyl, 
2,4,6-trimethylphenyl, 4-methoxyphenyl, 4^thoxyphenyl. 2.4.(flmethoxyphenyl, 2.4-dlethoxy- 
phenyl, 2,4.6-trimethoxyphenyl, 2-methyl-4-fluorof*enyl. 2Hfnethyl-4chtorophenyl, 2- or 3- or 
4-methoxycarbonytphenyL 
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In a preferred embodiment Ri is phenyl. 

Suitable electrophBic fluorlnatton agents btb well known in the art and, In part, commerdally 
available. These compounds Include can for example N-fluorosulfonamtdes. N4uoropyridi- 
r^um salts, N4luorobis(trifluoromethanesulfbnyl)lmides. N^lkyH*-fkH)ro-1.4KJIa2oniabicyc- 
lo[Z2.2]octane salts. N-fluoro-N'-hydroxy-1,4-dlazoniabicycIot2^^]octane salts, and per- 
diloryl fluoride. 

Fluorinatlng agents are preferably selected from NH= quartenrary salts due to their com- 
mercial avaQabHity and Improved safety with respect to cider reagants such as perchloryl 
lluorida Exarrvtes of prefen^d fluorlnatton agents are lK*lon3mothyl-44luoro-1>l-dlazDnia- 
bfcycto^2,2]octane-btetetfa«uoroborate (Selecffluor^ and 14luoro-4-hydroxy1.4Klla2Dnfeibl- 
<^(2;2,21octane*lststralluorcftorate (Accufiua*). 

The electrophillc fluorlnatfon agent may be used in excess without detriment, but since the 
excess reagent must be then destroyed after the reaction It is very desirable to avdd this 
additional process step, Accordkig to the process of the Invention, substantially equimoler 
amounts of the fluorination agent and compounds of formula 11 are used and lead to conrv 
pleteness of the fluorination. Substantially equimofcar amounts are therefore especially pre- 
ferred. The mdar ratio of compounds of fomiula II io fluorlnating agent is preferably 1:1 to 
1:0.95 and especially preferred is a mdar ratio of 1:1. 

Amine salts with an anion of a strong add may correspond to fomiula III. 
HB*A- 0"). 

wherein HB* is «ie cation of an aliphatic, aromatic, cyclic aliphatic or cydlc aromatic nitroge- 
nous base, and A* Is the anton of a strong organic or Inoiganic add. 

The cation HB* may have more tt^an one amine group, for example 1 to 4 or 1 to 2 amine 
groups and anions A' are present in a number according to their positive charges* 

The cation can be derived from ammonia, primary, secondary or tertiary amines, whereby 
tertiary amines are preferred. The amine contains preferably !n totel 1 to 24, more preferably 
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1 to 16 and mostly preferred 1 to 8 carton atoms. The amines may contain 1 to 4, and more 
preferably one or two, nitrogen atoms. 

The N-atoms of the amine may be substituted wKh Ci-Ci2allcyl, preferabfy Ci-CealkyI and 
most preferably Ci-C4alkyl. CrCacyctoalkyl, preferably CrCecyctoalkyI, CrCwheterocydo. 
aikyl. preferably CrCsheterocydoalkyl. (VCioaryl, C7-Cioaralkyl. Cs-Cioheteroaryl or Cr 
CioheteroaTatkyl. The N-atom of the amines can be part of an aliphatic or aromatic mono- 
cyclic or polycydic aliphatic or aromatic ring (cyclic amines) and said N-atoms can be sub- 
stituted with one residue as mentioned above. AlkyI groups at the N-atoms may be sub- 
stituted, for example with CrCaQ^oalkyl, C^-Cioheterocycloalkyl, Ci-C^kyl. Ci-Cealkoxy or 
hydroxy!, cycloalkyi, heterocydoalkyl, aryl. heteroaryl, aralkyi and heteroaralkyl as well as 
rings of cydic amines can be substituted for example with CrCealkyl, Ci-Cealkoxy or hydro- 
xy!. 

Examples for amines, firom which the cation HB* is derived, are mono-, dl- and preferably tri- 
akylamines like methyl-, ethyW, propyl-, butyl, -octi^-. dimethyl-, diethyl dipropyl-, dibutyl-, 
meth^thyl-, methyl-prqJy^. nrelhyl-butyl-, trimethyl-, triethyl-, tripropyl-, t*utyl-, methyl-di- 
ethyl-, dimethyl-ethyl-amine. Other examples for amnes, from which the cation A* is derived, 
are cycloaikyl-, heterocydoalkyK aryl-. aralkyl-, heteroaryl and heteroaralkyl-amines. prefe- 
rably tertiaiy amines. Uke cyctohexyl-, cyciohexyl-methyl-, cydohexykflmethyl-. tetrahydro- 
firanyl-. tetrahydrofiiranyknethyl, tetrahydrofUranyl-dimethyl-, phenyl-, phenyl-meftyK phe- 
nyl-eihy*-i phenyl-butyK phenyl-dlmethyl-, phenyMlethyJ-, benzyl-, benzyl-methyl-, benzyl- 
ethyl-, benzyWsopropyl-, benzyl-butyh benzyWImethyl-, benzyMlethyl-. fcrany!-. furanyl- 
methyl-, furanyl-dlmethyi-, thiophenyl-, thiophenyi-methyl-, thlophenyWimethyl-, furanylme- 
thyl-, furanylmethyl-dimethyl-OTilne, Examples for amines with substitutBd resWues are etha- 
nolamlne, dlethanolariBne, trfethanolanune, and K,N-<fimethy1-ethanolamine. 

Examples for aRphatic, cycfic or aromatfc amines and for polyamlnes having more than one 
amino group m pyrrofidine, piperidine, N-melhyl-pyrrofidine, N-roethyl-piperWine, N-methyl- 
morphofine, dinwthylamlno-N-methyl-plperWine. N,N*^azabfcydc*eptane^, N.lsT-dlaza- 
Mcyctononane, 2H-pyrrde, imidazole, pyrazole, pyridine, pyrazlne. pyrimWine. pyridazine, 
3H-fcwJole, 1H-indazole, purine isoquinofine, quinoline, phthalazine, naphthydrine, quinc»ca- 
Hne, quMiazoBne, pterWlne, acridlne. phenanthroiine, phena:rfne, jmlctecoUne, triazine, 2-pfc- 
collne, luUdine. benrimldazote, methylimWazde, pyrazole. 4-dlmethylaminopyrkllne, 4i)yrrD- 
IWinopyridlne. 1 ,3.5-triazlne and i-methylamlnopyridlne. 
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Preferred amines are selected from the group of cydic, polycycDc and aromatic amines and 
aromatic andnes are espedatly preferred. Preferred aromatic amines are pyridine and py- 
rimldine. 

The anion may be derived from inorganic or organic acids and the anion is preferably se- 
lected from adds which do not cause sWe reactions lil<e halogenaflons to avoid contami- 
nation of ttie desired product with impurities. Examples for anions of inorganic adds are ha- 
lides, hydrogen sulphate, sulphate, mono- or di-hydrogen phosphate, and phosphate. Ex- 
amples for anions of organic adds are carboxylates, sulfonates, phosphlnates and phospho- 
nates. The organic residues of the oiganic anions may be substituted, for example virith hcdo- 
gen and espedaBy fluorine, hydroxy, Ci-CsaikyI or CrCsaikoxy. ^ecffic examples are for- 
miate, acetate, trifluoracetate, oxalate, malonate, benzoata, fiuorinated benzoates, methyt- 
sulfonate, trifluormethylsulfonate, phenylsulfonate, p-toluylsulfonate, fluorphenylsulfonate, 
meth^hosphonate, phenylphosphonate. Especially preferred are sulfonates Gke methyl- 
suKbnates* 

A particularty preferred amine salt is pyridine methylsuKbnate. 

The amount of amine saKs can vary in a wide range and may be from 0,1 to 100 percent by 
weight, preferably 1 to 100 percent by vweight. more preferably 5 to 100 percent by weight 
and mostly preferred 10 to 100 percent by weight, referred to the amount of compounds of 
formula H. It was found that a range of 50 to less than m percent by weight, for example 50 
to 90 percent by weight, is useful in carrying out the pnxess according to the Invention. 

The amine salts of fomftuia III can be added to the reacfion per se as pre-formed saKs or the 
amine salts can be formed in situ in adding an amine and a strong add to the reaction na- 
ture, which is a preferred embodiment for carrying out the process according to the inven- 
tion. 

Substantial water^e reactfon conditions In the context of the invention means that no water 
is added to ttie reaction nocture. Soh/ents and chemicals must not be dried and the pre- 
sence of traces of water does not affect the reaction. 
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Another object of the Invention are compounds of formula II as valuable IntemiecHates for the 
process according to the invention, 




wherein Ri, R2 and R3 have the meanings given before, with the proviso that Rt te not 
phenyl, when Rj and R^ boUi are methyl. Rt, R2 and R3 includes preferred embodiments gi- 
ven before. 

Compounds of fonnula II are obtedned In known manner and Icnown or analogous processes 
thtxjugh eslei*ficatlon or transesterification of 9,11p^poxyna4^3^egnane-17pK)^21•lTydro)cy- 
3,2(Wlones with carboxyllc adds or derivatives thereof lilce carboxyTic acid halides, 
anhydrides or esters. The preparation is advantageously earned out in two steps, since usu- 
ally two differwrt carboxyBc add residues must be Introduced. In a first reaction step, the 21- 
hydroxy group can be selecUvely esterlfled tor example wfth carboxytic add anhydrides Kke 
acetic anhydride. In a second reaction st^ is famed the S-^nd ester with benzene car- 
boxyUc add halides (bromides or chlorides). More details regarding this reaction are given in 
the examples. The compounds of formula II are obtained in high yieWs and purity and the 
crude readion product can directly be used after separation from the reaction mbclure for the 
fluorihaflon according to the process of the instant inventton. The cnjde reaction product can 
corrtaln benzoic add alkyi esters, which are formed during preparatton through the addition 
of alkanols. for example medianoi, ethanol, propand or butanol. The amounts may be up to 
30 percent by weight and preferstoly 0,1 to 20 percent by weight, referred to compounds of 
formula II. It n^y be advantageous to add said benzdc add allcyl esters to the reaction mi)t- 
ture. when isolated and purified compounds of formula II are used In the Huorination process 
according to the Invention. 

The process of the invention may carried out by dIssoMng or suspending compounds of for- 
mula U h a suitable solvent and cooling the solution to temperatures below 20 and pre- 
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ferably about 10 ^C. The amine saft, or approxlirately equivalent amounts of an amine and a 
strong add. are then added, followed by the addition of the electrophHIc fluorination agent 
The fluorination Is ah exothermal reaction and care nuist be taken at this stage that the tem- 
perature does not exceed values which would effect and degrade compounds of formulae I 
and H. The fluorination agent is added preferably drop^wlse or m portions and the reacfion 
mixture is preferably cooled durh^ tWs operation. The rea(^on mixture is stirred after the 
addition of the fluorination agent and the temperature may be increased to ambient values, 
preferably room temperature. The reaction pogress can be controlled by the chromato- 
graphic determination of the starting material of fonnula L The reaction Is tennlnated when 
presence of the starting material can no longer be detected. The reaction time may be from 
0.5 to 8 hours. The desired compourtds of fwmula II can be isolated from the reaction mbc- 
ture In known manner, for example in removing the solvent and fltering or extracting the 
resulting suspenston, followed by re-crystalDsation from a suitable solvent, for example from 
analkanoL 

The prt)cess according to the Invention provides various advantages ovw prior art methods 
for the preparation of compounds of fbmiula I, whkii are 

a) a very high 6a/6p ratio of even hl^er than 99:1 in the crude reaction product; 

b) reduced amounts of reaction t>y-products; 

c) high chemcal yields and short reactton times; 

d) reduction of purifteatton steps to obtain the desired Ba-fluorosterold; 

e) posstblRy of Industrial scale manufacture; 

The process according to the Invention Is very useful for ttie manufadure of fluorinated steo- 
rfds, whteh are used as pharmaceutfcal effective compounds. Specific examples for such 
compounds are flumettiasone. diflorasone. fluodndone, difluprednate. and ttidr derivatives. 



The following examples iflustrete the invention. 
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A) Prenaration of compounds of fonrajte 11 

Examote A1 : Preparation of 9p,11-epoxy-16aHiiethyl-3,17^1-trihydroxyi)regna-1.3,^^ 
20*one-21-acetate-34enzoate 




To a solution of 110 grams of 9SJ1B-epoxy-17.2lKlihydrox^16pHrnethyli)regna-1,4^JIene- 
3,20-dtonfr'21-acetete in 275 grains of pyridine at 75 X In a nitrogen atmosphere are added 
66 grams of benzoyl chloride. The reaction mixture Is then held at said temperature for 180 
minutes, cooled to 30 and (filuted with 55 grams of methanol. After stbrlng Jor 30 minutes 
at 45 the sohrtton is added to a odd mixture of 160 grams of 85% phosphoric add, 1100 
grams of water, and 1100 grains of dichloromethane. After stirring for 30 minutes the organic 
phase is separated and again washed with 1100 grams of water. After separation, the or- 
ganic phase is dHuted wHh 11 grams of pyridine and evaporated itfider reduced pressure to 
an oB condsting of the OUe compound, which is rectly used in the sulDsequent step- 
Trituration of the oily residue wHh diisopropyl ether gives the fHle compound as a pale tan 
crystalline powder. 



wo 2(NM/05291I 



PCT/EF2IW3/050925 



-11- 

Examolg A2 : Preparation of 9p,11p-epaxy-16c^methyMr17,21-trihydroxy-pregna-1»3,5-W- 
ene-20-one*21 -acetate-S-benzoate 




To a solution of 108 ^ms of 9aj1(i-epoxy-17,21<llhydroxy-16a-methy»^regna-1,4Kll8n 
3,20-dione-21^oetate in 216 grams of pyridine at 75 in a nitiogen atmosphere are added 
64.8 grams of benzoyl chloride. The reacBon mixture is then held at said tenperature fbr 180 
minutes, cooled to 30 ''C and dSuted with 54 grams of nfiethanol. After stirring Ibr 30 minutes 
at 45X the solution is added to a cold mixture of 126 grams of 85% phosphoric add, 1080 
grams of water, and 1080 grams of dichloromethane. After stirring for 30 minutes ttie organic 
phase Is separated and again washed with 1080 grams of water. Alter separation, the or- 
ganic phase is diluted with 10.8 grarro of pyridine and evaponated under reduced pressure 
to an oil consisttng of the title compound, which is directly used in the subsequent step. 

Example A3: Preparation of 9p,11^poxyu3J7,21-tr%droxyijregna-1,3,5*ene-2^ 
acetatchS^enzoate 




wo mmmm 



-12- 

To a solution of 50 grams of 911,1 1li-epoxy-17,21-dihydroxy-pregna-1,4-dlena-3,20 dione- 
21-acetate In 135 grams of pyridine at 75 "C In a nitrogen atmosphere are added 30 grgms 
of benzoyl chloride. The reacfion mbcture Is then heM at said temp^ature for 180 minutes, 
coolad to 30 X and diluted with 25 grams of meffianol. After stirring for 30 minutes at 45 "C 
the solution is added to a cold mixture of 78 grams of 85% phosphoric acid, 500 grams of 
water, and 500 grams of didiloromethane. After stirring for 30 minutes the organic phase is 
sparated and again washed with 500 grams of water. After separation, the organic phase is 
diluted with 5 grams of pyridine and evaporated under reduced pressure to a crystatllne resi- 
due consisting of the title compound, which is dlrecUy used (n the sut}sequent step. 

^cj ffn ple A4: Preparation of 9p,11p-epO)(y-3,16a,17,21-tetrahydroxy-pregna-1,3,5-tr1ene-20^ 
one-1 6p21-diacetate-3-ben26ate 




To a solution <rf 36 grms of 9&,im-epoxy-16a,17,21-trihydroxy-pregna-1.4<iiene^,20- 
dione-16,2lHfiaoetate in 72 grams of pyridine at 75 X in a nifrogen atmosphere are added 
21 .6 grams of benzoyl chloride. The reaction mbdure is then held at said temperature for 180 
minutes, cooled to SO^'C and diluted with 18 grams of methanol. After stirring for 30 minutes 
at 45 ""C the solution is added to a cold mixture of 42 grams of 85% phosphoric add, 360 
grams of water, and 360 grams of dichloromethane. After stining for 30 ndnutes the organic 
phase is separated and again washed with 360 grams of water. After sepanatbn, the organic 
phase is dOuted with 3.6 grams of pyridine and evaporated under reduced pressure to an oil 
consistnig of the titte compound, which is directly used in the subsequent step. 
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Examoie A5 : Preparation of 9p.1ip-epoxy-3,17,214rihydrQxy-16c6-methyt-pregna-1,3,5^ 
ti1ene*20-one-3-b8nzDate«21-pivaIate 




To a solution of 40 grams of 9S,11B-epoxy-17,21-dihydroxy-16aHniwthyl-pregna-1^ 
3,2(}-d1one-21-pivalate in 100 grams of pyridine at 75 "C in a nitrogen atmosphere are added 
24 grams of benzx^ (Moride* The reaciton mixture is held at said temperature for 300 
minutes, coded to 30 "C and dButed wRh 20 grams of methanol After stlning for 30 minutes 
at 45 '^C the solution is added to a cold mixture of 60 grams of 85% phosphoric add, 400 
grams of water, and 400 grams of dichloromethane. After stirring for 30 minutes the organic 
phase Is separated and again washed with 400 grams of water. After separation, the organic 
phase is diluted with 4 grams of pyridine and evaporated under reduced pressure to an oil 
consisting of tfie titie compound, which b drectty used in the subsequent step 

Examoie A6: PreparaBon of 9p.11p-epoxy-16a-meUiyM,17^1-trihydroxyH)ragna-1,3»5^^ 
ene-20K)ne-21-ecetate-3-toluate 




To a sokrtlon of 110 grams of 9(1,1 IIl-^poxy-17^1 -dihydroxy-16a-mettiykpregna-1,4-<Jiene- 
3,20-dione-21-acetate in 220 grams of pyridine at 75 'C in a nitrogen atmosphere are added 
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64.8 grams of p-methyt benzoyl chlofide. The reaction mixture is then held at said tempera- 
hire for 240 minutes, cooled to 30 "C and dihited wtth 55 grams of methanol. Afler stirring fcir 
30 minutes at 45X the solution Is added to a cold mixture of 129 grams of 85% phosphoric 
acid, 1100 grams of water, and llOO grams of dichloromethane. After stirring for 30 minutes 
the organic phase is separated and again washed with 1100 grams of water. After separa^ 
tion, the organic phase Is diluted with 11 grams of pyridine and evaporated under reduced 
pressure to an oil consisting of the title compound, which Is directly used in the subsequent 
step. 

B) Preparation of cofrmounds of formula I 

Example B1: Preparation of 9p,11Hpoxy<4(^fluoro-17,21-dihydroxy*16M^yl-pregna- 
1,4-diene-3,20-dione-21-acetatB 

To a solution of the oily residue according to Example A1 in 957 grams of acetonitrile at 0 ''C 
are added 22 grams of pyrkilne and 25.5 grams of methanesulfbnic acid, followed by 95.7 
^ms of Seiectfluor^ added at such a rate that the temperature of the mbdure does not 
exceed 5 °C. The reaction mixture Is then stirred at room temperature until HPLC analysis 
shows no starting compound remained. The HPLC analysis shows ateo that the resulbig 
title compound contains only 1.0 % of 6p-epbner (See/Bp ratio is 99:1). The reacticHi mixture Is 
diluted with 550 grams of water and then evoporated under reduced pressure to remove 
acetonitrfle. Extraction of the resulOng aqueous suspension using a ntfxture of dichtoro- 
methane and methanol (5:1 v/v) and subsequent crystallisation iiorn methanol of the residue 
gives 91 grams of the pure title compound (IHPLC analysis shows 0.69% of 6p4somer). 

Example B2 : Preparation of 9p,11^poxy-4a-fluoro-17^lHlihydrDxy-16€Hnetfiyl-pregna- 
1 ,4-diene-3,2&<fione-21 -acetate 
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To a solution of the oily residue according to Example A2 in 940 grams of acetonitriie at 0*^ C 
are added 21.6 grams of pyridine and 25 grams of methanesulfonic acid, followed by 94 
grams of Selectfluor® added at such a rate that the temperature of the nmxture does not 
exceed 5 **C. The reaction mixture is then stirred at room temperature until HPLC andysis 
shows no starting compound remained. HPLC analysis shows also that the resuifing title 
compound contains only 1.0 % of 6p-epimer (6a/ep ratio is 99:1). The reaction mixture is 
diluted with 1080 grams of water and then evaporate under reduced pressure to remove 
acetonitriie. Extraction of the resulting aqueous suspension using a mixture of dichloro* 
methane and nvethanol (5:1 v/v) and subsequent crystallisation from methanol of ^e residue 
gives 88 grams of the pure title compound. 

Example B3: Preparation of 9p,11^poxy'6a-fluoro-17,21'dihydroxy-pregna-1«4-dlene-3.20" 
(fione'-21*acetate 




To a solution of the oily residue according to Example A3 in 400 grams of acetonitriie at 0 X 
are added 10 grams of pyridine and 11.8 grams of methanesulfonic add, followed by 44.5 
grams of SelectOuor® added at such a rate that the temperature of the mixture does not 
exceed 5 "C. The reacSon mixture is then stirred at room temperature until HPLC analysis 
shows no starting compound remained. HPLC analysis shows also that the resuitoig title 
compound contains less than 1.0 % of 63-eprmer. The reaction mixture is diluted witti 500 
grams of water and then evaporated under reduced pressure to remove acetonitriie. Extrac- 
tion of the resulting aqueous suspension i^ing a mixture of dichloromettiane and methanol 
(4:1 v/v) and subsequent crystallisation from methanol of the residue gives 40.5 grams of the 
pure title compound (HFH-C analysis shows 0.95% of 6p-isomer}. 
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Example B4 : Preparation of 9pj1p-opO)cy-6a-fluom-16a,17^1'trihydroxy-pregna-1,4-dlene- 
3,20^one-1 6«21 -acetate 




To a mixture of 4.61 grams of methanesulfonic add In 156 grams of acetonltrae, 4 grams of 
pyrWine, and 3 grams of methyl benzoate was added at 0-5* C 20 grams of cirystalBne 
9p,1ip-epoxy-3.16a,17,21-tetrahydroxy-pregna-1.3,5-WOT^ 

zoate obtained according to Example A4, followed by 12.6 grams of SelectRuor® added at 
such a rate that the temperature of the mixture does not exceed 5 "V. The reaction mixture 
Is ttien sHmed at room temperature until HPLC analysis shows no starting compound 
remained. HPLC analysis shows also that ttie resulting title compound contains only 1 J2 % 
of ep-ef^mer (6a/6p ratio Is 99:1). The reacfion mixture Is diluted with 200 grarrts of water 
and then evaporated under reduced pressure to remove acetonltHle. Extraction of the re- 
sulting aqueous suspension usmg dichloromethane and subsequent crystalfeation from di- 
Isopropyf ether of the residue gives 16.5 grams of the pure tftte compound {^^pimer con- 
tent 1.0%). 
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Example B5: Preparation of 9p.11(J-epoxy'^a^f!uoro-17,21<lihydroxy-16cHnethyli)regna- 
l,4-dtene-3,20-dlone-21-ptvalate 




To a solution of the oily residue according to Example A5 In 400 ^ams of acelonttrne at 0 
are added 4 grams of pyridine and 4.6 grams of metfianesulfonte addi fioHowed by 31 grams 
of Setectfluor® added at such a rate that the temperature of the mixtiro does not exceed 5 
The reaction mixture is then stinred at room temperatun^ until HPLC analysis shows no 
starting compound remained. HPLC analysis shows also that the resulting title compound 
contains only 1.7 % of sp^pimer (6a/6p ratio fe 98.3:1.7). The reaction mixture is diluted 
with 400 grams of water and then evaporated under reduced pressure to remove aceto- 
nitrile. ExtracSon of the resulting aqueous suspension using a mixture of dlchloronnethane 
and methanol (5:1 vN) and subsequent crystallisation from methanol of the residue gives 
29.5 grams of the pure title compound (HPLC analysis shows 0.35% cS 6p4somer}. 

Example B6: Preparation of 9p,11^poxy-eG&<fiucTO-17,21-dihydrDxy-16cHnethyH)re^ 
1 ,4«diene-3,20<non8*21 -ac^e 
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To a solution of the oily residue according to Example A6 m 980 grams of acetonflrfle at 0* C 
are added 22 grams of pyridine and 25.5 grams of methanesulfonic acid, followed by 95.7 
grams of Selectfluoi® added at such a rate that the temperature of the mixture does not ex- 
ceed 5 'C. The reacBon mixture is then stirred at room temperature until HPLC analysis 
shows no starting compound remained. HPLC analysis shows also Biat the resulting title 
compound contains ca 1.0 % of 6p-epimer (6a/6p ratio is 99:1). The reaction mixture is 
diluted with 1100 grams of water and then evaporated under reduced pressure to remove 
acetonitrile. Extraction of the resulting aqueous suspension usmg a mixture of dichlpro- 
methane and methanol (5:1 v/v) and subsequent crystalKsation ftom methanol of the residue 
gives 87 grams of the pure title compound. 
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1. A process for the preparatkMi of 6a4uoro compounds of formula 1, 




wherein 

Rz is hydrogen. Ci-C8alkyl or CrCecyclGalkyl; and 

Ra Is hytfrogen. d-Cealkyt, or R4-C(0)-0- where R4 fe Ci^^Balkyl or Ci-CahydroxyalkyI; 
comprising the fluorinatfon of pregnane derivatives in the 6-po8ftlon an electrophlllc ffuo- 
rinatlon agent, In an inert sotvertt and at ambient temperatures, characterised in that (1} a 
compound of fbnnula II 




wherein 

Ri is phenyl or phenyl substituted wWi halogen, hydroxy, amino, mono- or di-CrCealkyJaml- 
no, Ci-CsaikyI, d-Cealkoxy and/or CrCecarbalkoxy; and R2 and R3 have the meanings gh/en 
before; 

Is reacted with an etecfaophiGc fiuorination agent (2) in the presence of a salt of a strong acid 
with a nitrogenous base under (3) substantial v/atBMreB reaction conditions. 

Z A process according to daim 1, wherein R2 is methyl. 
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3. A process according to claims 1 or 2, wherein R3 is hydrogen, methyl or acetoxy. 

4. A process according to claims 1 to 3, wherein Ri m phenyl or phenyl subsffiuted with fluo- 
rine, chlorine, hydroxy, dimethylamino, methyl, ethyl, methoxy. ethoxy and methoxycarbonyl. 

5. A process according to daim 1, wherein the solvent Is selected from the group of nitrites, 
N-dialkylated carfooxyHc acid amides or N-alkylated cyclic carboxylic acid amides, ethers and 
carboxylic esters. 

6. Aprocess according to claim 1, wherein the reaction terrf^erature is from -20 ''C to 50 ''C. 

7. A process according to daim 8, whereni the fluorinating agent is 1-chioromethy!-4-fluoro- 
1.4HiiazonlabIcyclo[2,2,2]octane4)istetrafiuorol)orate. or 14luoro-4-hydn»cy1,4-<jDazoniabh 
cyck)[2;!,goctane4)istetafluoroborate. 

8. A process according to claim 1 , wherein the amine salt corresponds to formula III, 

HB*A- (III). 

wherein KB^ ts the cation of an aliphaflc, ansmatlc, cyclic al^ihatic or cyclic aromatic nitrogen 
base, and A' Is the anion of a strong organic or inorganic add. and wherein the amine salt is 
preferably pyridine mettiylsuKbnate. 

9. A process according to dalm 1, wherein the amount of anfdne salt is from 0.1 to 100 and 
prrierabty 50 to 90 percent by weight, refBrred to the amount of compounds ctf foimula IL 
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io. Compounds of fbrmuia U. 



R^-C(0)-0 




**(0)-CH20-C(0)-Rj 
OH 



(11). 



wherein Ri. R2 and R3 have the meanings given \n dalm 1 . wIBi the proviso that Ri b not 
phenyl, when and R3 are methyl. 



